The Lower Danube Wetlands System has been and remains one of the largest and most diverse wetlands formations in Europe. It extends over ten thousands square kilometers along the lower Danube river stretch of 840 kilometers long. In the last century several types of management were applied at the LDWS and river catchments and a wide range of structural and functional effects occurred in time. The management system promoted between 1950s and late 1980s was designed according to the principles of neoclassical economic theory.
INTRODUCTION
According with the definition accepted in the Ramsar Convention, the wetlands consists of a wide range of ecosystem types such as: beaches, tidal flats, lagoons; mangrove, swamps, estuaries, floodplains, marshes, fen and bogs (Williams 1991 , Schot 1999 . It was estimated that inland wetlands occupy about three-quarters and coastal wetlands one quarter of the world's wetlands, the palustrine and estuarine wetlands accounting for the majority of them (Williams 1991) .
In the last century due to the need for rapid economic growth driven by the principles of neoclassical economics combined with poor or even lack of scientific background for understanding and assessing the multifunctional role of wetlands, most of them have been treated as 'wastelands' and consequently have been extensively converted (e.g., floodplains and shallow lakes) into intensive crop farms, industrial fish raising farms, tree plantations or human settlements and industrial complexes (Costanza 1995 , Arrow et al. 1995 , Musters et al. 1998 , Schot 1999 .
Similar policies and management plans, regarding the wetlands, have been developed and applied extensively in the catchment (817,000 square kilometers) of the second largest river in Europe, which is the 417 Danube (2857 kilometers long). In particular such policies have affected directly or indirectly in a very significant extent the structure and functions of the Lower Danube Wetlands Systems (LDWS).
In late 1950's the LDWS extended over a total surface of about 10,000 square kilometers along the lower river stretch of 840 Km (Fig. 1) . That consisted of four major wetland ecosystem units: i) Coastal Danube delta extended over 5193 square kilometers, from which 1015 square kilometers are covered by the Razim-Sinoe Lagoon complex; ii) floodplains (701 square kilometers) developed along river stretch of 92 kilometer long, between coastal and inland Danube delta; iii) Inland Danube delta which has developed along the river stretch between kilometers 170 and 365 and between Southern Romanian Plain and the Dobrogean Plateau, over a total surface of 2413 square kilometers and iv) the floodplains developed on the Romanian territory, along the Danube river stretch, between kilometers 365 and 840 or between Inland delta and Iron Gate II man-made lake with a total surface of about 1500 square kilometers .
After three decades of extensive land use changes the wetlands ecosystems accounted for about 22 per cent at all three units developed upstream coastal Danube delta and for more than 80 per cent in the coastal delta ). The implemented policies and management plans in the LDWS have totally neglected not only the habitat and information functions, but also the wide range of production and regulation functions which were accomplished by the natural and semi-natural wetlands on their own energy and material expenses. The Lower Danube Wetlands used to produce annually for the local and regional socio-economic systems significant amounts of resources (e.g. 16-20 K tons of fish; up to 2 × 10 5 cubic meters of timber per year for construction, house heating and cooking; a potential of more than 500 k tons of reed and reed mace biomass per year for being harvested and to supply the local and regional economies for construction, traditional manufacturing, heating and cooking or for pulp and paper industry; up to 150 k tons per year of crops mainly corn and vegetables; large numbers of indigenous cattle and pigs, well adapted to the specific conditions) and to play the role as main and very effective buffer systems between Danube river catchment and North-Western Black Sea as well as to provide habitats for spawning, feeding and nesting for many migratory and semi-migratory bird and fish species and for 1688 plant and 3735 animal species (Antipa 1910 , Baboianu 1998 . This paper addresses the needs for significant changes in the policy and management of LDWS by promoting the principles of biological economics (Mohammadian, 2000) , the methods for economic valuation of the functions of natural and man-dominated ecosystems and the principles of holistic approach and management. In this respect in the 418 Figure 1 . Danube river Catchment and major units of the Lower Danube Wetlands System (LDWS) 419 second section of the paper we are dealing with the brief presentation of the conceptual frame and methods. The main driving forces, pressures, current status of LDWS and local and long distance impacts are also briefly described in section 3. For the economic valuation of major production, regulation and habitat functions of natural wetlands and the intensive farming systems established by conversion of the former wetlands, the assessment was focused on a pilot area from the Inland Danube delta defined as Islands of Braila Wetlands (IBrW) with a total surface of 1376 square kilometers.
The findings of this assessment are discussed within a broader context of the identified drivers, pressures and impacts for LDWS and North-Western Black Sea in order to define the overall goal and targets for a future holistic and bioeconomic management system at local (LDWS) and regional (Lower Danube catchment) scales. These are integrated in the fourth and fifth section of the paper.
CONCEPTUAL FRAME AND METHODS

Conceptual frame
A few key theoretical elements from systems ecology and bioeconomics have been selected in order to define the conceptual framework, which has been used for problem definition, analysis and formulation of the goal and targets for holistic bioeconomic management of LDWS as component of the local and regional socio-biological complexes.
• The physical and biological environment of natural, seminatural, human dominated and human created environment has a hierarchical organization into complex biological systems which are nested in each other across space and time scales (Odum 1997 , Vadineanu 2001 , Holling et al. 2002 . According to this view we have focused our analysis on the local (Islands of Braila Wetlands-IBrW), micro-regional (LDWS), regional (Lower Danube Catchment-LDC) and macroregional (Danube River Catchment-DRC and North-Western Black Sea).
• We are strongly promoting the broad meaning of the concept of biodiversity which covers i) diversity of biological systems across space and time scales; ii) species and taxonomic diversity; iii) genetic diversity within and among species; iv) human social organization and cultural diversity. All components of the biological diversity belong to the hierarchical organization of biophysical environment.
• Three main categories of biological systems might be identified at different space scale: i) full self-maintaining ecological systems (natural and seminatural); ii) human dominated biological systems 420 which depend in different degrees on commercial energy and material inflow for providing specific resources and services (e.g. agroecosystems, intensive fish farms, forest plantations) and iii) human made systems (e.g. urban ecosystems, industrial complexes) which are fully dependent for the maintenance and development on commercial energy and material inflow. These categories depend on the natural capital (NC) and the biological foundation for the Socio-Economic Systems (Costanza and Daly 1992 , De Groot et al. 2003 ).
• The IBrW, LDWS and LDC systems should be identified in different proportions of all categories of biological systems together with their taxonomic and genetic diversity. We are dealing at these space scales with interconnected socio-ecological complexes.
• The populations or species have a key role for the functioning of biological systems. Genetic diversity at the species level provides adaptive potential and support for speciation while the species richness and their genetic diversity provides adaptive potential and support for transformations and evolution of the natural and seminatural ecological systems. Social, cultural and human genetic diversity provide the adaptive potential for the evolution and development of socio-economic systems (Mohammadian 2000 , Vadineanu 2001 ). • The biophysical units, which make the natural capital form a socio-biological complex, have the intrinsic values as well as many use and non-use values. These are related to the resources and services they produce at different rates according with the phase in the adaptative cycle they follow during their dynamics (Turner et al. 2000; Costanza et al. 1997 ).
• Biological diversity is the foundation and the source of a wide range of natural resources and services as well as the interface with economic systems within the bioeconomic complexes such as IBrW, LDWS, LDC. The conservation of biological diversity by balancing the spatial and exchange (energy, mass and informations) relationships among the biological foundation and the structure and metabolism of socio-economic systems across space and time scales is a fundamental condition for sustainable development of the bioeconomic complexes we are focusing on in this paper.
• To achieve the goal of biodiversity conservation and sustainable development at the level of horizontally and hierarchically interlinked bioeconomic complexes, the need for integration into economic decision-making has been widely recognized not only for the market prices of the direct use values but also for all other functions performed by the natural capital's components which generate value in the broadest sense (De Groot 1992 , Backstael et al. 1995 , Turner et al. 2000 , Van Beukering et al. 2003 . 
Methods
The well-known analytical DPSIR method widely adapted for the assessment of human impacts on the environment has been used in our study. According to this conceptual method the analysis was carried out for the identification of a) policy and socioeconomic drivers; b) main pathways and tools for policy implementation (pressures); c) local and regional structural and functional impacts and d) the goal and targets for future policies and management (response). It has been designed in order to allow, the approach of local (IBrW), micro-regional (LDWS), regional (LDC) and macro-regional (DRC and N-W Black Sea) sociobiological complexes. The data used for the assessment of the reference state (RS), the trends of the structural and functional changes, the current state and the estimates of the main production, regulation and habitat functions come from the data base developed at the Department of Systems Ecology and Sustainability, University of Bucharest by integrating reliable historical data and the results derived from extensive and intensive research projects carried out by own research staff during last four decades. For the major types of biological systems we have estimated the production rates for the biological resources with economic significance to which have been applied the appropriate market prices while for the retention of nutrients we have used the average values (140kg per hectare for Total Nitrogen (TN) and 8kg per hectare for Total Phosphorus (TP) estimated for coastal and inland delta (Vadineanu and Postolache 1998) and the cost of removal in water treatment systems (7 USD per kilogram of nitrogen and 15 USD per kilogram of phosphorous).
The economic decision making which serves the conservation of biological foundation and the achievement of the overall goal of sustainability; requires the bioeconomic valuation of the full set of ecosystem's functions and their respective resources and services. However the Total Economic Value of a particular biological system (TEV) is highly dependent on the type of resources and services provided, the turnover rate of each resource, the quality and availability of biological data and the methods used for economic valuation. In addition most of the methods are dependent on the market conditions, economic situation and the level of education and information of stakeholders (Turner et al. 2000 , Nunes and van den Berg 2001 , Barbier 1993 . Table 1 shows which functions, resources and services and what methods have been considered and applied for the estimation of economic value of natural and seminatural wetlands from LDWS. Having established the economic values and the major structural and functional changes at the level of ecological foundation it was possible to discriminate on the advantages and disadvantages of the former policies 422 and management plans. Furthermore, by taking into consideration the medium and long-term objectives of the agreement for Black Sea protection and of those concerning conservation of biodiversity and sustainable development of LDWS we use the economic values of natural and seminatural wetlands, for designing the specific targets and the effective measures for the future bioeconomic management system.
DRIVERS, PRESSURES AND THE DYNAMICS OF LDWS: ASSESSMENT OF PAST POLICIES AND MANAGEMENT
This section deals with a very brief presentation of a very dynamic, complex and long-term process, which has affected the LDWS mainly in the second half of the 20th century.
Different policies and management plans based on the utilitarian and competitive principles of the neoclassical economics have been progressively developed and implemented at the Danube river catchments scale. These had a wide range of social and economic objectives from which the followings have been identified as major drivers for LDWS: i) land reclamation and increase of food production; ii) industry and urban development; iii) hydropower generation and flood control; iv) maintaining and improvement of hydrologic connectivity; v) development of large irrigation systems and vi) increase of the waterway transport system's capacity (Vadineanu et al: 1995 .
The achievement of that strategic and policy objectives required development and implementation a set of management plans, each based on a wide range of human interventions or pressures. The most aggressive among them together with the main categories of changes or impacts they have produced upon LDWS and North-Western Black Sea are listed in Table 2 . A detailed analysis has been carried out recently and the results have been published (Vadineanu et al. 2001a,b) or are under preparation (Vadineanu et al. 2003 unpublished) . In order to help the assessment and formulation of alternative solution for future policies and management plans we have decided to integrate here a brief description of some of the most significant structural and functional changes which have occurred in the LDWS and N-W Black Sea.
Changes in biophysical structure
Until the beginning of 1950s more than 95 per cent of the LDWS extended over ten thousands square kilometers along Lower Danube river stretch in a mosaic of natural and seminatural ecosystems. A wide range of aquatic ecosystems consisting in a network of river branches and subsidiary channels, shallow lakes, lagoons, floodplains, marches, sand bars and saline dunes combined with the diversity of vegetation communities-reed marshes, reed vegetation on floating peat, sedge marshes, saline vegetation, shrubs, herbaceous vegetation and willow stands, were the main components of this biological complex. This was the reason for considering the structure of LDWS since the beginning of the 5th decade of the 20th century, as the "reference state" (RS) for assessing either later changes, which occurred due to human interventions, or those, which might occur after implementing future scenarios for biological reconstruction and management. Figure 2 shows how much the reference state of the main subcomponents of LDWS has been changed since 1990's, which is the current state (CS): It is clearly shown that most of the former wetland formations (~78 per cent) have been converted into human controlled and energy subsidized systems for crop and livestock production or intensive fish farming in all subcomponents upstream of coastal delta. Conversion of natural wetlands into arable or forested land and fish farming systems has been much less intense in the coastal delta. In this area the current state is given mostly (more than 80 per cent) by the natural and seminatural or self-maintaining systems. At the end of the extensive land reclamation campaign, a total surface of 3300 square kilometers of arable land for intensive crop production, 130 square kilometers of monospecific forest plantations and about 100 square kilometers of enclosures for semi-intensive or intensive fish farming were established upstream coastal delta and only 450 square kilometers of arable land, 20 square kilometers of forest plantations and 360 square kilometers of enclosures in the coastal delta. That accounts for 78 per cent and 16 per cent of natural and seminatural wetlands loss respectively upstream inside coastal delta and an average of 40 per cent of loss from the whole LDWS.
Since late 1960s until early 1980s two large water reservoirs and hydroelectric power plants (Iron Gate I & II) have been created in the upstream sector of Lower Danube River (Fig. 1) . They have affected significantly the hydrology and solid load downstream and the migration of valuable fish species. Simultaneously all tributaries of the lower Danube river were dammed to create water resources for irrigation and water supply to households and industry or for power generation. Such type of hydrotechnical works have been also extensively implemented in the middle and upper sectors of the Danube river as well as on their main tributaries (Wachs, 1990).
Changes in hydrology and sedimentology
An increase of the amplitude of hydrologic pulse of about 5 per cent as was estimated by Bondar (1996) could be an effect of the loss of wetland area and of the corresponding water retention capacity by the LDWS of about 4-5 cubic kilometers. The hydrology has been changed also in terms of time of occurrence, duration and frequency. The water flow regulation by short cutting river arms and dragging existing channels or opening new ones within delta systems, led to an increase by three times of the water turnover rate and consequently a reduction of water retention time in the area from one year to four months (Bondar 1996) . Similarly due to sediment retention in the man-made reservoirs the solid transport diminished from 53 million tons per year, at the beginning of the 1950s to less than 30 million tons per year in the late 1980s. As a result of this phenomenon it was recorded since late 1980s a very active erosion of the sand bars in front of river arms and down along sea coast.
Eutrophication
Among the changes in the water chemistry, which occurred as a result of the increase of diffuse and point source pollution all over river catchment, the most significant for the water bodies in the LDWS and for 427 North-Western Black Sea was the nutrient enrichment. This explains the shift, which occurred in the trophic conditions from meso to hypertrophy.
In the 1970s the Total Reactive Phosphorous (TRP) concentration increased several times exceeding by 4 to 32 times (Vadineanu et al. 1992 ) the critical level of 10 µgP per litter (Hecky, 1988) . In the same period, the DIN: TRP ratio, a significant indicator of the trophic state, decreased markedly from values of tens and hundreds, before 1980, towards values around and even below 10 (Vadineanu et al. 1992) . This shows that the role of phosphorus as a limiting factor was gradually replaced by nitrogen, with important effects upon the structure and productivity of primary producers and the availability of net primary production. These indicators of transition towards new trophic conditions have been even more prominent in the inner and coastal delta lakes, where nutrient supply from the river entering these aquatic systems interacted with phosphorus released from sediments under hypoxic and anoxic conditions (Cristofor et al. 1993) .
Under the conditions of eutrophication, algal blooms became more frequent and extended in space and time and high amounts of dissolved and particulate organic matter were produced resulting in increased turbidity. The Secchi Depth (SD) was lowered from values of meters to 15-30 centimetres, and its logarithmic expression, the Trophic State Index (TSI), increased from 40-60 (mesotrophy and early eutrophy) towards 65-85 (hypertrophy). Light availability was highly reduced in the deeper layers of the water column and the euphotic zone was restricted to the surface. The index of relative transparency, defined as the ratio between SD and water depth, decreased from 0.7-1 (total transparency) to below 0.4, the critical threshold for growth of submerged macrophytes (Botnariuc & Beldescu 1961) .
Changes in the foodweb structure
The changes in the structure, hydrology and hydrochemistry of the lower Danubian wetlands have been followed by major effects on the composition and spatio-temporal organization or foodweb structure of the communities in those wetlands as well as in the Black Sea shelf ecosystems. Any attempt at a brief description of such a complex impact is highly dependent on the one hand by the huge amount of historical data, most of it derived from sectoral and often inappropriately timed investigative programmes and on the other hand by many gaps in data and knowledge concerning certain categories of ecosystems such as, grasslands, forests and fish ponds.
Under these circumstances it was decided to provide: i) a brief description of major vegetation units from the Inner and Coastal Danube 428 Delta and to describe the main trends in the dynamics of those vegetation units as well as, ii) for the shallow aquatic ecosystems, one of the main components of the Coastal Danube Delta and the remnant wetlands in the Inner delta, (e.g. small Island of Braila) which have been extensively studied in the last four decades to give an outline of major changes in the composition and spatio-temporal organization of their communities. ; and e) the rapid extension of saline vegetation in the established polders (e.g. saline vegetation covers currently more than 20 per cent from the surface of the inner delta's polders) , Sarbu, et al. 1998 ).
Changes in plant communities
Foodweb structure and dynamics in the aquatic ecosystems
Due to the significant increase of the available nutrient pools and the dynamics of the N:P ratio since the late 1970s and in particular during the 1980s a set of changes in the structure of communities his occurred in the very shallow (d ≤ 1.5 m) and shallow (d = 1.5 -3m) aquatic ecosystems from LDWS.
• The rapid transition from meso, and eutrophic states to hypertrophic conditions has been accompanied try deep simplification of 429 the foodweb structure through loss of trophodynamic modules (e.g. submerged vegetation-epiphyton, animal communities dependent on submerged vegetation, benthic macrophiltrators-bivalves) and loss of trophic chains or significant reduction of the energy transfer along some trophic chains. With an average biomass of 4-7 mg dry weight per litter the phytoplankton contributes almost 50% to the energy inflow in all aquatic ecosystems under the reference trophic states. In the shallow hypertrophic lakes d = 1.5-3m), the phytoplankton module alone has concentrated the solar diluted energy into net primary production. In these ecosystems the average phytoplankton biomass ranges between 15-30 mg dry weight per litter after the year 1982.
In the very shallow hypertrophic lakes the interaction between hydrology, light and nutrient availability during the spring flood has favoured the growth of submerged vegetation which reaches the peak of biomass accumulation (550-700g dry weight per square meter) at the end of warm season. The macrophyte-epiphyton module has an average annual contribution of more than 80% to the total energy inflow in this type of hypertrophic lake (Vadineanu et al. 1992 , 1989 , Cristofor, 1987 .
Changes in taxonomic and species richness
• The transition of shallow lakes of the LDWS from meso and eutrophic to a hypertrophic condition has involved also deep quantitative and qualitative changes in the taxonomic composition or richness of the communities and in particular of each trophodynamic module.
There are remarkable quantitative changes occurring, mainly in the last two to three decades, in the major categories of ecosystems of the LDWS of which only some have been briefly assessed (Vadineanu et al., 1992 , Botnariuc et al. 1987 , Ignat et al. 1986 , Risnoveanu et al 1997 , Diaconu et al. 1994 , Staras et al. 1994 , Zinevici & Teodorescu 1990 , Nicolescu et al. 1987 .
In less than five years after 1980 the species richness of phytoplankton dropped from more than 250 species of Chlorophyta and Baccilariophyta to less than 50 species of Cyanophyta and Baccilariophyta in the shallow (d = 1,5 -3m) and phytoplankton dominated lakes. In fact those species, which proved to be under meso and early eutrophic conditions, very efficient competitors for phosphorous sources have been replaced by a limited number of species, most of them colonial cyanobacteria able to compete efficiently for light and gaseous nutrients (N 2 and CO 2 through morpho-physiological and behavioral mechanisms which enable flotation and development of the heterocysts. In the phytoplankton-dominated lakes, 3-7 species of colonial cyanobacteria have 430 contributed up to 80% to the total biomass and net primary production during the summer and up to 55% during the winter. In these lakes, the zooplankton's species richness has been reduced from more than 125 spies to less than 41.
The large-sized dominant species of Clodocera and Copepoda have been replaced by small size species able to use more efficiently the bacterioplankton as a food resource. (Vadineanu et al. 1992 . Similar changes have been recorded for macrophytes in the very shallow lakes. The species richness has dropped from 16 to 11 species and those spies with a vertical growth strategy (e.g. Potamogeton pectinatus) or with floating capacity (e.g. Ceratophythum demersum) have replaced former spies (e.g. Chara sp., Nittelopsis obtusa, Najas marina) because they are able to compete more efficiently for nutrient sources (Cristofor, 1987) . Characteristic to both phytoplankton or macrophyte dominated ecosystems is the increase of energy transfer up to 5-7 thousands of kcal per square meter per year from primary producers to the particulate organic matter in the sediments. This phenomenon was strongly linked with oxygen depletion at the bottom-water interface and very severe simplification in species composition of the benthic trophodynamic modules (e.g. just 3-5 dominant spies of Chironomidae and 2-4 dominant spies of Oligochaeta) (Botnariuc et al. 1987 , Vadineanu et al. 2000 .
The above foodweb and taxonomic changes have led to significant changes in the quality and availability of food resources for the most valuable fish species. Consequently the number (28) of species frequently captured before 1980 has dropped to 19 species and formerly dominant and valuable species (e.g. Cyprinus capio originally contributing 30% of catch) have been replaced by less valuable and exotic species like: Carassius auratus gibelio which has increased in contribution from 3 to 19 percent or Hypophtalmichthys molitrix, which currently contribute 17 percent of total fish captured by biomass (Staras 1995 ).
Effects on the production function
The changes occurring in the foodweb structure have been associated with significant effects on the rate and quality of the main biological processes enabling delivery of different services and resource production. The general trend has been towards states where primary production attains the highest rate of 12-13 thousand kcal per square meter per year, mostly through "dead end" or non-grazed blue green algae, in phytoplankton dominated ecosystems and 8-9 thousand kcal per square meter per year in macrophyte dominated ones according with the water depth, light and nutrient availability. .
Compared with the level of net primary production the efficiency of primary consumers of energy carriers is very low. Consequently most net primary production ends in sedimentary POM 1 and DOM 2 which open two complementary food chains. What is specific to these states is the fact that both the POM and DOM compartments are overloaded and the mineralization of sedimented POM is accompanied by hypoxia or anoxia at the sediment-water interface.
The occurred changes in the foodweb structure under hypertrophic conditions and loss or deterioration of habitats have led to changes in the quality, amount and availability of food resources for the fish species associations. The effect was the restructuring of fish community in all phytoplankton dominated aquatic ecosystems based on the typical species for turbid water like: Abramis brama and Scardinius erythrophthalmus or the exotic Hypophthalmichthys molitrix, and also from vegetation dominated ecosystems based on the exotic species like Carassius auratus gibeho and indigenous species like Carassius carassius and Tinca tinca, known as tolerant at low oxygen concentration.
Typical predator species, Essox lucius and Perca fluviatilis are present in vegetation dominated ecosystems and Stizostedion lucioperca and Silurus glanis in the phytoplankton dominated ecosystems (Staras et al. 1994 , Navodaru et al. 2002 . Another effect is that related to the accessibility of food resources and the efficiency of their use. From our point of view that is one of the key mechanism which explains the changes in the abundance of indigenous and exotic fish species and the reduction in fish catches, as recorded in the last fifteen years. That also supports the idea according to which, the structure of fish community from the LDWS's lakes is a result of bottom-up effects and an indicator of the trophic state Navodaru et al. 2002) . The aquatic ecosystems of the LDWS have been oversupplied with concentrated energy and have become much less efficient in providing harvestable resources and habitats for many plants and animals species, after undergoing significant qualitative and structural changes.
While the potential fish production remains at the same order of magnitude in macrophyte dominated ecosystem compared with that estimated for the 'reference' foodweb structure typical for the meso and earlier eutrophic states or almost double the phytoplankton dominated one, the fish catches actually have declined by more than twice. This has severe economic implications indicating the close relationship between the biological and economic systems giving rise to bioeconomic transformations.
Effects upon regulation function
By losing about four thousand square kilometers of wetlands, the surface 432 of wetlands actively involved in nutrient retention has dropped by 30 per cent in the LDWS compared with the reference (1950) state. Combining this wetlands loss particularly in the upstream part of LDWS with the estimated amounts of nutrient retention per hectare per year (140 kg for nitrogen and 8 kg for phosphorous) it was established that the potential for nutrient discharges in coastal delta and N-W Black Sea has increased with almost 42 ktons of nitrogen and 2.3 ktones of phosphorous. As it was underlined before, another regulatory function, which is the control of river's pulse by water retention, has been affected (Bondar 1996) .
Changes in the structure and functions of Black Sea
Significant impacts upon the production, habitat, regulation and information functions have been accounted also in the Black Sea. Thus the effects of most severe drivers and pressures, which worked at different scales in the river catchment, have been extended out of LDWS to the recipient sea. The synthesis and assessment of historical data on the Black Sea, indicates that since the late 1960s the dynamic of this system has been determined mostly by nutrient enrichment from river discharge. The specific symptoms of the eutrophication and resultant biological effects were particularly clear in the late 1970s (Gomoiu 1977 , Petran et al. 1977 , Bodeanu 1984 , Zaitzev 1992 , Cociasu et al. 1990 ).
In less than one decade the Phyllophora and Cystoseira (macro-algae) based ecosystems of the Black Sea's north-western shelf had virtually disappeared. The bottom waters of the north-western shelf have become seasonally hypoxic and anoxic and most of the benthic species have disappeared. The impact of eutrophication of the northwestern Black Sea has been severe on fisheries, water quality, tourism as well as biodiversity.
The pollution sources inventory conducted during the preparatory work for the Black Sea Strategic Action Plan and the studies dealing with nutrient balance in the Danube River basin have provided data on the inputs of total nitrogen (TN) and phosphorous (TP) to the Black Sea in 1989 (473 Kt of TN and 35 Kt of TP) and some years later 1997 when the economies of former Soviet block countries had declined (~315 Kt of TN and 18 Kt of TP). Analysis has suggested that about half of the nutrients inputs to the Danube River had their origin in the agricultural sector, 25% were supplied by industry and 25% by house holds (EU/AR/102A 91-1997 Report, Vadineanu and Postolache, 1998) . The data have also enabled the estimation of the contribution of coastal and non-coastal countries to the nutrient discharge in the Black Sea.
The estimates suggests that Romania contributes with 27% and 23% 433 and non-coastal countries: Austria, Belarus, Bosnia, Croatia, Czech Republic, Germany, Yugoslavia, Hungary, Slovakia, Slovenia and Republic of Moldavia with 30% and 26% of nitrogen and phosphorous respectively to the total discharges in the Black Sea (Tapping et al. 1998 ). Romania and non-coastal countries of which most are Danubian countries contribute with more than 50% of the total waterborne load of nitrogen and phosphorous.
ISLANDS OF BRAILA BIOLOGICAL COMPLEX: AN ATTEMPT AT BIOECONOMIC VALUATION
The reference state
Formally this biological complex consisted in a large (1376 square kilometers) floodplain which has been extended in the northern half of the Inland Danube delta (Fig. 1) , between a network of river arms and lateral up to the river terrace. Three major hydro-geomorphic units have been developed over time: i) Big Island of Braila with a surface of 666 square kilometers; ii) Small Islands of Braila (SIBr) with a surface of 210 square kilometers and iii) lateral floodplain of 500 square kilometers (Fig. 3) . Before the campaign for agricultural land reclamation (1950's) the area contained a large number of shallow lakes, ponds and marshes, linked to each other by natural or man made channels and the entire network of freshwater ecosystems was connected to the river arms. The aquatic ecosystem network has covered a total surface of 619 square kilometers and has provided annually for the fishery sector about 3-4 k tons of fish yield. About 275 square kilometers of land area has been flooded annually for 6-7 months. Such type of flooded area has provided a wide range of excellent habitats for spawning, breeding, nesting and feeding for a large number of fish and bird species. They also functioned as very productive wet grasslands, providing significant quantities of hay or reed mace. The remaining land surface of 482 square kilometers has been flooded only for 2-3 months per year during the main river pulse (April to June).
The hydrology of this large land area has allowed the establishment of natural alluvial forests (about 115 square kilometers) as well as practicing extensive and traditional agriculture on variable surface (50-100 square kilometers or even more) according with the variation in the river's hydrologic pulse. Thus under the natural and semi-natural conditions the IBr wetlands were able to provide annually to the local and regional socio-economic systems significant and diverse goods (e.g. about 4 k tons of fish biomass, more than 30 thousands of cubic meters of timber, more than 1.5 tons of animal products and up to 50 ktons of vegetables, corn, wheat). 
Current state
By the end of 1960s the IBr biological complex was to a very high extent affected from a structural and functional point of view. Thus 1073 square kilometers of polders were established from which the largest one of 666 square kilometers in Big Island of Braila. The cost for establishing such large polders has exceeded a hundred millions USD (Vadineanuunpublished data) . Most part of permanent water bodies and floodplains has been converted into highly energy subsidized crop production systems. Total subsidies in terms of concentrated energy varied from one to another crop production system according with the type of crop (corn, rice, wheat) and soil characteristics and that was equivalent to 1.5 up to 2.5 tones of diesel fuel per hectar per year. Since 1990 these state owned farming systems have collapsed, as was the case for all those (78 per cent) created in the LDWS, obviously due the loss of the biological foundation necessary for their maintenance.
Currently we still find a significant amount of wetlands consisting of: a) the Small Island of Braila wetlands (SIBr) with a total surface of 210 square kilometers and b) the floodplains between riverbanks and dikes of almost 93 square kilometers (Fig. 3) . The SIBr wetlands extends along a Danube river stretch of 62 kilometers long between kilometer 175 downstream and kilometer 237 upstream and consists in a set of 10 islets and a network of river arms and channels.
The investigations carried out in the last ten years involved an extensive and intensive programme of field measurements combined with satellite images and GIS analysis, which allowed the identification of thirteen types of habitats and ecosystems and their spatial distribution. The results show that: i) 45 per cent of the SIBr consist in shallow and very shallow lakes, bogs, deep channels and river arms ii) 15 percent of the area is flooded for 6-7 months per year and that are mainly reed and rush marshes and iii) 40 per cent of the land is flooded for 2-3 months per year. The short term flooded areas comprise: alluvial forests, riparian galleries and tickets, halophytic shrub associations, poplar plantations and grasslands. These findings suggest that 55 per sent of SIBr wetlands function temporally as habitats for spawning of the fish species and for feeding of the young fish.
SIBr wetlands function also as habitat for nesting, feeding or resting of 136 bird species, of which 47 species are on the list of EU-Birds Directive/79/409/CEE. Together with the much larger wetlands, which are the coastal Danube delta (274 bird species recorded), SIBr plays the role of major node in South-Eastern Europe along the birds migration routes. Also the SIBr wetland is the habitat for many species of fish, mammals, reptiles and amphibians together with a wide variety of plants and algal species indicating the great biodiversity of the area (Gheorghe 2002 , Topa 2001 , Valcu 2002 , Sarbu et al. 1999 , Vadineanu et 436 al. 2001 . This diversity in turn is the foundation for the production of such diverse products as fish (650 tons); timber (10 thousand cubic meters); reed and mace biomass (600 tons); crops (3 ktons) and various animal products (500 tons). The nutrient retention function was intensively investigated in the last years and the results suggest that SIBr wetlands has the capacity to retain annually up to 3 k tones of nitrogen and 170 tones of phosphorous.
Based on the richness of biophysical structures and species, in particular wintering or nesting bird species, together with the specific rural traditions, regarding the way in which local people perceive and use nature, we have estimated the potential of the SIBr wetlands system for ecotourism. According to these estimations the tourists flow might reach 6,000 tourists for the warm seasons (May-October) and 2,500 tourists for the cold seasons (November-April) with a density flow of 165 tourists per day and 70 tourists per day respectively. A comparative analysis of the structure and biological functions of SIBr wetlands with that of the reference state of IBr wetlands and LDWS shows a high degree of similarity. This fact enabled us to consider that SIBr is the most important remnant from the former Inland Danube delta and the upstream floodplain, which on a smaller scale preserves the biological diversity and the full range of ecosystem's functions.
The above elements concerning the bioeconomic richness of SIBr and the potential for delivering a wide range of resources and services based on their own capacity to concentrate the solar energy formed the basis of the arguments for the area to be nominated as National Park (Low 5/ 2000) and to receive the international recognition as a Ramsar Site (July 2001).
Bioeconomic Valuation
By taking into consideration the average rates of main production and regulation functions performed by SIBr wetlands in conjunction with their biological richness and economic diversity and the way the population in the region are willing to pay for the maintenance of these wetlands or to spend on recreation (including tourists from remote regions), the average economic values have been estimated for each function (Table 3) .
The production function of renewable resources delivered by natural or traditionally-managed wetlands has been estimated at a total economic value per hectare per year of 300 USD while for the only two regulation functions for which we had reliable data the estimate of total economic value per hectare per year is 1200 USD.
In spite of many economic difficulties the local population of 30,620 inhabitants and that of more than 200 thousands inhabitants living in an 437 area of 4000 square kilometers around SIBr are facing during "economic transition", the will to support the maintenance of habitat and biological diversity in SIBr is exceptionally high. This is very encouraging and is a strong argument against those who support the idea that poor people give less value to nature.
The estimate for the information function is based only on recreation and aesthetic resources. Taking into consideration the potential for total tourist flow in the area of about 8,500 tourists per year and the preliminary results which show that foreign tourists spend one third of the total amount of 150 USD per day which covers the cost for full range of services (accommodation, meals, transport, facilities for bird watching), the economic value for the information function was estimated at 109 USD per hectare per year. The economic value for each category of ecosystem function as well as the total economic value of one hectare of wetland ecosystem per year (1729USD) established in this study falls into the wide range of reported data for different wetland types (Carpenter 1998 , Costanza et al. 1997 , Turner et al. 2000 and specific market and economic conditions.
In Table 4 are reported the estimates of economic values for major ecosystem functions and the total economic value for the entire SIBr wetland complex. The results indicate the economic value of the area and thus the role of it within the biological foundation of local, regional and macro-regional bioeconomic systems. Taking also into consideration the closed similarity between current structure and functioning of S1Br wetlands and those of the former Inland Danube delta and upstream floodplain, it was decided to apply the average economic values per hectare per year established for SIBr at the IBrW complex and LDWS scale.
Although we are aware of the fact that our estimates of economic value for the Danube wetland ecosystems should be considered as estimation which in fact underestimate the value of such rich and productive wetlands, they are nevertheless reliable bioeconomic indicators for assessing the advantages or disadvantages of the past policies and management plans and for designing holistic and sustainable goals and targets for future scenarios. In order to get comparable data, we assumed for the production functions and resources the current market prices and willingness to pay or spend for biodiversity conservation and their sustainable use (ecotourism) as well as the same buffering capacity in terms of nutrient retention and flood control per surface unit and time.
According to the proposed procedure the total economic potential of the IBr wetland complex at the reference state (1950s) has been estimated for 237 million USD per year (Table 5 ). Due to the lack of such evaluation and inappropriate structure and metabolic rate of the local and regional economic systems the production, habitats and information functions have been under used or even totally neglected which encouraged the policy and decision makers from that time to perceive the area as "wastelands".
As it has already been discussed, instead of adapting and developing the socioeconomic system, according to their natural foundation, policy and decision makers chose to transform the natural and totally-self-maintaining biological foundation into a human dominated and controlled one. The cost for such extensive transformations exceeded 100 million USD for IBr wetlands complex and reached 4 billion USD for conversion of 4,000 square kilometers into agricultural land in the LDWS (see section 3, Vadineanu-personal communication) .
Developed and human-controlled farming system has retained and maximized only a narrow range of production functions (usually one and sometimes two or three crops) and totally has neglected the regulation, habitat and information functions according to the bioeconomic principles (Mohammadian, 2000) . In Table 6 , the results of an attempt for economic valuation of the effects of such transformation in the IBr wetland system are provided. The cost of maintenance of a specific biophysical structure and the intensive crop production has been estimated for 1073 square kilometers of agricultural polders, based on the assumption of a minimum auxiliary energy input equivalent to 1.5 tons of diesel fuel per hectare per year at the current market price of 600 USD per tone which meant 90 million USD per year. The average crop yield per year has been calculated at 536 k tons assuming a maximum crop production per hectare equivalent to 5 tons of wheat. Further assuming an average market price of 130 USD per ton of wheat we have estimated a total economic value of 70million USD per year for production function of the agrosystems in comparison to the total cost of maintenance and production of 90 million USD per year. It is obvious that the cost of maintenance of such human controlled and thus fueled systems of production was at least 20 per cent higher than the returned amount of money.
The economic inefficiency of the former applied policy and management system at the IBr wetlands scale consists on one hand in the huge cost of wetlands transformation and additional cost for intensive production of crops and on the other hand in the monetary loss due to cutting off three valuable ecosystem functions (173 million USD net loss per year). The results we've calculated from the economic analysis for the past policy and management of IBr biological complex have been seriously considered in the last two years when we have designed and proposed a new policy for local bioeconomic development and an integrated management plan for the recently established Natural Park and Ramsar Site (LIFE99/NAT/RO/006400).
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In this regard sustainable development has been adopted as the overall goal of the new policy and the following objectives for the management plan have been established: i) maintaining and improving the biological diversity in the SIBr wetlands system; ii) enlarging and strengthening self-maintaining biological foundation for local socioeconomic system, by reconstruction of natural wetlands and by changing the "industrial type" farming system into multi-functional farms (based on balance among all ecosystem functions and cost effectiveness); iii) restructuring and adapting local economy according to the structure and functioning potential of local natural capital and iv) integrating all biological and economic parameters in order to fully benefit from the separate improvements in these areas for a holistic bioeconomic management system and v) improving the quality of life and ensuring social equity.
In order to reach the goal of sustainability and in particular the objective which deals with enlargement and consolidation of self-maintaining biological foundation it has been proposed that the current natural and seminatural wetlands which account for 22 per cent of the IBr biological complex, to be extended by reconstruction of 460 square kilometers of wetlands. By achieving this objective the amount of wetlands in the structure of IBr biological complex will increase to 56 per cent and the total economic value or the economic significance of their functioning is expected to reach a minimum 115 millions USD per year (Table 7) . By promoting multi-functional farming system in the remaining 613 square kilometers of polders it is also expected to contribute significantly to the consolidation of biological foundation of the local socio-economic system as well as for improving the regulation and habitat functions at the regional and macro-regional scales. This in fact means improving the total bioeconomic value of the farming system by adding new parameters such as the biological characteristics of the habitat, regulation and information to the production economic value and by minimizing the losses and making multi-functional farms cost-effective integrated units thus giving them a solid bioeconomic foundation.
ELEMENTS OF A POTENTIAL SCENARIO FOR HOLISTIC AND SUSTAINABLE BIOECONOMIC MANAGEMENT
Bearing in mind the effects on the structure and functioning of LDWS and the North-Western Black sea (section 3) of the past management and the related types of changes in the economic value of natural capital (section 4), there are strong arguments for promoting the goal of sustainable development and a new type of management in the region. The most visible long-term objectives for policy makers are linked to the need for pollution abatement and rehabilitation of the Black Sea (especially reducing eutrophication) and biodiversity conservation in the coastal Danube Delta.
In this respect the Black Sea and Danubian country representatives reached at the end of the 1990s, a consensus stating that the long term objective is to bring the trophic and overall pollution status of the Sea and consequently of the coastal Danube delta to a condition characteristic of the 'reference' system recorded in late 1950s and early 1960s. A medium term deadline of 2010 has been established which asks all Danubian countries to limit and maintain nutrient emissions at the levels recorded in 1997. This may help to keep the Danube discharges into the Black sea at or even below 300kt of total nitrogen and 16kt of total phosphorous per year , EPDRB, 1995 . It means a 40% reduction of the total discharges recorded for the late 1980's.
In order to achieve the intermediate and long-term objective dealing with rehabilitation of the trophic state of the Black Sea it was agreed that a set of complementary and low cost measures should be identified and applied at the scale of Danube River catchment. However, taking into consideration the significant contribution of Romania to the total discharges, the above measures or some particular ones should be applied more specifically in the lower Danube River catchment (EPDRB, 1995 .
The cost effective and affordable measures to manage nutrient flows should focus on: i) increase of agricultural landscape diversity by 443 developing multifunctional farming systems and a network of ecotones in the lower Danube catchment; ii) rehabilitation and reconstruction of former wetlands in the LDWS in order to increase the role of self maintaining functions and in particular the buffering capacity.
By promoting multifunctional farming systems and an extensive network of ecotones both in the LDC and established polders it maybe possible not only to achieve very effective diffuse pollution control but also significant improvement in habitat connectivity and biodiversity as well as more favorable conditions for integrated pest control and for rural tourism. Similarly, by wetlands reconstruction it is expected not only to increase the nutrient buffering capacity of the LDWS, but also achieve significant improvement in the productive capacity of a wide range of renewable resources as well as to contribute to habitat and biological, richness or to the improvement of information function (e.g ecotourism). There would be similar benefits also to the North-Western Black Sea system.
With reference to the established goal for 40 per cent reduction of total nutrient discharges as recorded in 1989 into the Black Sea this is equivalent to of 189K tones of TN and 14Ktones of TP. Since 27 per cent of TN and 23 per cent of TP discharged into the Black Sea have point and diffuse sources within Romanian territory, it is estimated that Romania has to achieve a reduction of 51Ktons of TN and 3.2 Ktons of TP per year. The main target needs to be diffuse emissions reduction from agricultural land, by promoting and integrating into the current process of agricultural reform and rural development, the management measures identified earlier.
The related benefits include biodiversity rehabilitation and conservation, habitat reconstruction, soil erosion abatement, improvement of productivity and quality of natural resources; strengthening the rural economy and ensuring sustainable use of rural landscapes. It is expected that a successful scenario implementation to bring a significant reduction in diffuse nutrient emissions from the agricultural sector will have to depend on a 50 percent nutrient reduction, which Romania has to achieve by 2010. A second management approach is based on the reconstruction of former wetlands. The direct target for this scenario is related to the need for a significant increase of buffering capacity against nutrient pollution. The key questions are: What surface area is necessary? What type of wetland and what kind of spatial distribution are ideally needed to bring about increased retention capacity achieving more than 40 per cent of total nutrient reduction?
Preliminary data from an extensive study of the LDWS (Vadineanu et al., 2001) , suggest that a minimum 1500 square kilometers of former flood plains should be reinstated for achieving multiple objectives. This still would represent only 37 per cent of the former floodplains. Some 200 square kilometers need to be recovered in the Coastal delta; 100 444 square kilometers along the right side of river stretch downstream Inland delta; 900 square kilometers in the Inland delta and 300 square kilometers along the left side of the river stretch between Iron Gate II and Inland delta (Fig. 1) .
By implementing this solution it is expected to achieve an increase of retention capacity of the LDWS by 22.5 K tons of TN and 1.3 K tons of TP. This would bring about more than 90 per cent of the total reduction required in nutrient discharges, which Romania has to achieve by 2010. A rough estimation of the cost for applying the above scenario is about 500 million USD of which more than 300 million USD is required for wetlands reconstruction and rehabilitation.
As it has been stated before, wetland reconstruction is expected to help not only in pollution abatement but also to meet other major objectives of bioeconomic development and sustainability (see Mohammadian, 2000, p.119 for his argument on why bioeconomic development is really sustainable development). A significant increase of fish catch up to 10-12 k tons per year is expected as a result of the increase of nursery and productivity functions for semi-migratory and migratory fish species. Increases of other renewable resources like timber, reed and reed mace biomass, hay, medicinal herbs and honey are also anticipated.
These expected outcomes would allow also reintroduction of the traditional and extensive farming of crops, vegetables and animal husbandry which would be adapted to the 'natural' hydrological regime of the wetlands together with its biological characteristics and the socioeconomic requirements of the local people. All these changes will no doubt increase biodiversity and conservation of the habitats in the LDWS and North-Western Black Sea and in addition will also benefit the socioeconomic requirements of the local population. The estimates of the Table 8 . This would be the contribution to the improvement of the carrying capacity of LDWS through wetland reconstruction.
CONCLUSIONS
Past policies and management applied to the Danube river catchments are responsible for the damaging changes which have occurred in the biophysical structure and functioning of LDWS, North-Western Black Sea and to the socioeconomic detriment of the local people. Multifunctional management and bioeconomic value appreciation of selfmaintaining wetland biological system in contrast to the monofunctional and economically unsustainable human-dependent agroecosystems have brought strong support for promoting holistic bioeconomic management and cost effective measures in the LDC and LDWS. Reconstruction of 1500 square kilometers of wetlands in the LDWS and adoption of multifunctional farming both for the 2500 square kilometers of remaining polders inside LDWS and a large agricultural area from LDC are recommended as very effective tools for achieving the goals of biodiversity conservation and rehabilitation of North-Western Black Sea area. Strengthening the self-maintained biological foundation of the local and regional socioeconomic systems by a comprehensive bioeconomic development project would go a long way towards alleviating the equivocal past policies and returning the Lower Danube Wetland System to its original state as an important source of biological capital useful for the socioeconomic development of the local populace. 
